For genetic dissection of milk, fat, and protein production traits in the Iranian primiparous Holstein dairy cattle, records of these traits were analysed using a multitrait random regression test-day model. Data set included 763 505 test-day records from 88 204 cows calving since 1993. The (co)variance components were estimated by Bayesian method. The obtained results indicated that as in case of genetic correlations within traits, genetic correlations between traits decrease as days in milk (DIM) got further apart. The strength of the correlations decreased with increasing DIM, especially between milk and fat. Heritability estimates for 305-d milk, fat, and protein yields were 0.31, 0.29, and 0.29, respectively. Heritabilities of test-day milk, fat, and protein yields for selected DIM were higher in the end than at the beginning or the middle of lactation. Heritabilities for persistency ranged from 0.02 to 0.24 and were generally highest for protein yield (0.05 to 0.24) and lowest for fat yield (0.02 to 0.17), with milk yield having intermediate values (0.06 to 0.22). Genetic correlations between persistency measures and 305-d production were higher for protein and milk yield than for fat yield. The genetic correlation of the same persistency measures between milk and fat yields averaged 0.76, and between milk and protein yields averaged 0.82.
Introduction
Dairy cows produce a lot of milk, but a more important goal of those who milk cows is to make a profit. A profitable dairy cow holds a high production level for a long time. The key factors determining the amount of total yield during a lactation period are peak yield, persistency and lactation length (Muir 2004) . Persistency of lactation usually refers to the rate of decline in production after the peak of lactation. There is an inverse relationship between the rate of decline and lactation persistency (Togashi & Lin 2004) . Improved persistency of lactation can contribute to reducing the cost of the production system because lactation persistency is associated with feeding and health costs, reproductive performance, resistance to disease and the return from milk considering a 305-d production cycle (Dekkers et al. 1998 , Harder et al. 2006 , Sölkner & Fuchs 1987 . Dekkers et al. (1998) argued that cows with greater lactation persistency are more profitable than average cows when yield and lactation persistency are correlated. Therefore, it makes economic sense to investigate the genetic aspects of the lactation curve to improve persistency, as enhancing persistency could promote efficient and economical milk production. However, persistency should not be achieved at the expense of total lactation milk, as persistency is highly affected by lactation milk (Togashi & Lin 2004) . expressed that, genetic evaluations with the use of random regression test-day model (RRM) not only improves the accuracy but can also evaluate persistency because the estimated breeding value for various parts of the lactation can be calculated. Gengler (1996) provided a review of many common definitions of persistency of lactation yields. Swalve & Gengler (1999) sorted the persistency measures into 4 categories: 1) measures derived from the parameters of the lactation curve 2) those based on rations between total, partial and daily yields 3) those based on variation of test-day (TD) yields and 4) those derived from the RRM. compared three measures of persistency derived from parameters of lactation curves using a TD model and found that genetic correlations with lactation milk yield were all >0.1. Jakobsen et al. (2002) studied five different persistency measures using RRM and showed that the estimated genetic correlations with 305-d lactation yield ranged from 0.00 to 0.47 for milk, −0.30 to 0.10 for fat, and −0.20 to 0.53 for protein. In their study the estimated heritabilities ranged from 0.09 to 0.24, 0.10 to 0.31 and 0.07 to 0.19 for milk, fat and protein yield respectively.
Single-trait analysis, ignoring information on selective treatment of cows with different (genetic potential for) milk yield, would lead to biased genetic parameters, which in turn, would result in inappropriate predictions based on multi-trait national selection indexes (Kadarmideen et al. 2003) . Therefore, the objectives of this research were as follows: a) to estimate the genetic parameters for milk production traits by a multitrait RRM; and b) to estimate the genetic and environmental parameters of different persistency measures and comparison of them.
Material and methods

Data
The analysis was based on 3175 207 TD milk production records of first parity of Iranian Holstein dairy cattle, calving between April 1987 and September 2010. Test-day observations before d 5 and after d 305 were deleted. Milk production records were included if there were at least 5 valid monthly tests, the first and last monthly test were <60 and >250 days in milk (DIM) respectively and all the consecutive tests were ≥15 d interval each. At least 10 cows per herd × year of calving were required. Cows were also omitted if whose sires had less than 10 daughters or ages at first calving were below 21 mo or above 46 mo.
Edited data consisted of 763 505 records for TD milk, fat, and protein yield, produced by 88 204 primiparous Iranian Holstein cows with known sire. Daily records for milk yield, fat percentages, and protein percentages were in the ranges 1 to 70 kg, 1.5 to 9 % and 1 to 7 % respectively. Cows were assigned to 1 of 24 subclasses for age-season of calving. Four seasons of calving (winter, summer, fall and spring) and six classes for age at calving (<26 mo, 26 to 27, 28 to 29, 30 to 31, 32 to 33, and >33 mo) were defined. A full description of the data used is given in Table 1 . Distribution of records across DIM for data set is presented in Figure 1 . Even at the very end of the period, at least 1 800 records were available at every single DIM. 
Model
Our intention was to determine the most suitable mathematical functions that described the lactation curve. But the computing resource required for obtaining a meaningful result with a large data size was not available. Therefore, twelve multitrait RRM with a smaller data size (100 679 TD) were employed. In finally, Legendre polynomial functions were chosen to fit the lactation curves in the framework of RRM for estimating (co)variance components. Finally, the model used in this research was the multitrait RRM. The model equation was:
ln φ nr (t) + a mn φ nr (t) + pe mn φ nr (t) + e ijklmr
( 1) where y ijklmr is the observation of r-th trait, yc i is the fixed effect of i-th year of calving (i=1993, …, 2010), mt j is the fixed effect of j-th milking frequency (j=2 and 3), htd k is the fixed effect of
k-th herd-test date (k=1, …, 18 641), β ln is the n-th fixed regression coefficient specific to ageseason subclass l (l =1, …, 24), a mn is the n-th random regression coefficient of additive genetic effect of cow m, pe mn is the n-th random regression coefficient of permanent environmental effect of cow m, φ nr (t) is the n-th coefficient of Legendre polynomials evaluated at DIM t which is standardized between −1 and +1, and e ijklmr is the random residual effect. Variance components were estimated with a Bayesian approach via the Gibbs sampling algorithm (by using the Gibbs3f90 software) as implemented by Misztal et al. (2002) . A single chain of length 110 000 was generated with the first 10 000 regarded as the burn-in period. For all measures, heritabilities and correlations were calculated according to the formula given by Jakobsen et al. (2002) .
Measures of persistency
Several different measures of persistency are currently in use worldwide. In this study the mean of peak milk yield ranged between d 50 and d 100. Therefore, the following measures were applied for describing persistency: 1. The difference of the lactation curve between d 290 and d 90 (Cobuci et al. 2007) ,
2. The average of the area under the lactation curve from d 225 to 305 as a deviation from the average of the area under the lactation curve from d 50 to 70 (Kistemaker 2003) ,
3. The area under the lactation curve from d 1 to 100 subtracted from the area under lactation curve from d 101 to 200 (Jakobsen et al. 2002) ,
4. The area under the lactation curve from d 1 to 100 subtracted from the area under lactation curve from d 201 to 300 (Jakobsen et al. 2002) ,
5. A summation of contribution for each day from d 61 to 280 as a deviation from d 60 ,
6. A summation of contribution for each day from d 60 to 279 as a deviation from d 280 (Jakobsen et al. 2002) . 
Results and discussion
Daily milk production as a function of DIM is depicted in Figure 1 . Peak production was lower and sooner for fat yield than milk yield, but persistency was higher for fat. Peak production was at 54 d for fat yield and at approximately >60 d for milk and protein yield. For milk yield, mean TD was 29.67 kg, with standard deviation of 7.09 kg. Heritability as a function of lactation stage was calculated as a ratio of genetic variance to total variance for milk, fat and protein TD yields and is shown in Figure 2 . Similar to previous studies (Jakobsen et al. 2002 , Muir et al. 2007 , heritability for milk yield was higher than for fat and protein. For all traits, the heritability at the peak of lactation slightly decreased and subsequently increased reaching the highest in the end of lactation. The higher values of daily heritability at the end of lactation were mainly due to a decline in permanent environmental variance with DIM (results not shown). The increasing heritabilities for all traits in the end of lactation were consistent with results of Muir et al. (2007) , whereas reported that the heritabilities were highest during the first 10 d of lactation for all traits. Graphic illustrations of genetic correlations between TD milk yields, TD fat yields, and TD protein yields at different stages of lactation are shown in Figure 3 . As expected, for all traits the highest correlations were found for consecutive DIM, while the lowest were between yields at DIM early and late in lactation. These Figures indicate that genetic correlations between individual TD are alike for all traits. For milk and fat, however, genetic correlation coefficients were higher in comparison to protein yield, even when DIM were far apart. For instance, the genetic correlation between d 5 and 305 was 0.47, 0.47 and 0.36 for milk, fat and protein yields respectively. Jakobsen et al. (2002) also reported positive genetic correlation with value above 0.40 for milk trait.
Heritabilities and correlations for six persistency measures (P1, P2, P3, P4, P5, P6), 305-d yield, and TD productions at d 20, 95, 155, and 290 after calving are in Table 2 , 3, and 4 for milk, fat, and protein yield, respectively. In general, the heritability estimates obtained by different persistency measures were higher for protein yield (0.05 to 0.24), followed by milk (0.06 to 0.22) and fat (0.02 to 0.17). These results are not in accordance with the results obtained on the Danish population for milk production traits, in which heritabilities for persistency for fat yield were slightly higher than for milk and protein yield (Jakobsen et al. 2002) . However, these estimates were comparable with 0.30, 0.25, and 0.28 obtained by Jamrozik et al. (1998) on Canadian Holstein cattle.
Heritabilities for 305-d production of milk, fat, and protein (0.31, 0.29, and 0.29) were slightly higher than heritabilities for 305-d production estimated with a TD model (0.27 to 0.30, 0.22 to 0.30) (e.g., Muir et al. 2007 , Lidauer & Mäntysaari 1999 , and lower than estimates of 0.42, 0.37, and 0.36 reported by Jakobsen et al. (2002) . The heritability estimate for 305-d milk yield, however, was similar to those obtained by Khorshidie et al. (2012) on the same population used for this study.
Similar to previous studies (Jakobsen et al. 2002 , Moradi Shahrbabak 1997 , genetic correlations were high between the individual test-days and 305-d production and increased toward the middle of lactation. The permanent environmental correlations between the individual test-days and complete lactation were considerably lower than the respective genetic correlations (0.44 to 0.91).
Genetic correlations between persistency and the individual test-days for milk and protein yield were close to zero in the beginning of the lactation and as expected increasing in late lactation, which is a part of the persistency measures. Jakobsen et al. (2002) reported similar trend for Danish Holstein cows. The low genetic correlation between persistency measures at the first part of the lactation showed that selection based on the beginning of the lactation as a criterion for persistency would result in less persistent cows, with lower 305-d milk production (Moradi Shahrbabak 1997). The genetic correlation between 305-d production and persistency measures with the same sign (P1, P2, P3, P4, and P5) were higher for milk (0.41 to 0.55) and protein yield (0.50 to 0.62) than for fat yield (0.20 to 0.45). estimated genetic correlations between persistency and 305-d production for primiparous cows. They obtained genetic correlations of 0.10 to 0.55, 0.06 to 0.32, and 0.32 to 0.57 for milk, fat, and protein yield, respectively. Their estimates were slightly lower than in the present investigation, but the same trend is seen with the highest genetic correlations between persistency and 305-d production of protein yield. The lowest rank correlation estimates between persistency of lactation and 305-d yield were obtained for P6, and agree with the results of Jakobsen et al. (2002) and Khorshidie et al. (2012) . Cobuci et al. (2007) reported the genetic correlations for P6 with 305-d milk yield as −0.46. Estimates of genetic correlations in the current investigation confirmed that there are weak genetic correlations between production and persistency measures, so that cows with the same milk production may present different levels of persistency of lactation (Cobuci et al. 2007 , Jamrozik et al. 1998 . Table 4 Additive genetic (above diagonal) and environmental (below diagonal) correlations and heritabilities (h Genetic correlations at different stages of lactation between TD milk production traits varied from 0.23 to 0.90, although most estimates were moderate to high (Figure 4 ). The highest correlation was between milk and protein, whereas the correlation between milk and fat was the lowest. These graphs indicate that genetic correlations between different yield traits depend on the interval between tests and on whether they are recorded at the same stage of lactation or not. Therefore, the highest genetic correlation was observed between the same DIM, usually about 0.65 to 0.90 (see Figure 5 for details). Jakobsen et al. (2002) found estimates of 0.22 to 0.66 between milk and fat, and 0.82 to 0.90 between milk and protein. As in the case of genetic correlations within traits, genetic correlations between traits decrease as DIM got further apart. However the strength of the correlations decreased with increasing DIM, especially between milk and fat. The estimated genetic and permanent environmental correlations, respectively, between persistency measures for milk and fat and for milk and protein are given in Tables 5 and 6 . Also included in Tables 5 and 6 are correlations between persistency and 305-d yield for milk and fat, and for milk and protein, as well as correlations between 305-d yield of milk and fat and between milk and protein. Genetic correlations between persistency measures and 305-d yield were moderate to high, as expected; and were considerable higher than the respective environmental correlations. As shown in Table 5 , the correlation of the same persistency measures between milk and fat yields averaged 0.76, and between milk and protein yields averaged 0.82.
The genetic correlations between 305-d yield of milk and fat, and milk and protein were 0.68 and 0.90, respectively. The genetic correlation between milk and fat is slightly different from earlier investigations by Kheirabadi et al. (2013) they found estimates of genetic correlations of 0.75, 0.92, and 0.83 for milk yields of Iranian Holstein. Large genetic correlation between milk and protein yield than between milk and fat yield was reported also by Jakobsen et al. (2002) and Weller et al. (2006) . In this research six selection criteria were compared. Genetic correlations for the same persistency between traits were all >0.5. As showed and discussed above, persistency of yield traits is moderately heritable, but considerably related to the total 305-d production, thus doesn't allowing for efficient selection for the shape of lactation curve. However when comparing the six persistency measures in the present study, although P6 behaved as an independent measure from milk productions, P4 had higher heritability than P6 and thus it is suggested for measuring persistency under conditions in Iran.
